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FIG. 8
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FIG. 10
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FIG. 12
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1

TEMPERATURE MEASUREMENT DEVICE
OF POWER SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority of Japanese

patent application number JP 2005-119042, filed Apr. 15,
2003, the entire disclosure of which 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a temperature measurement device
for a power semiconductor device.

2. Description of the Related Art

In general, 1n a power converter that uses a power semi-
conductor device such as an IGBT (Insulated Gate Bipolar
Transistor), a power semiconductor device and an integrated
circuit (IC) that drives and protects the power semiconductor
device are formed on different chips. This 1s because the
manufacturing cost of forming them on different chips 1s
lower than the cost of forming them on the same chip.

Furthermore, such power converters are necessarily pro-
vided with a device for measuring a temperature of the power
semiconductor device, since the temperature of the power
semiconductor device has to be detected to protect the power
semiconductor device from overheating. Since, as mentioned
above, the power semiconductor device and the integrated
circuit are constituted on separate chips, as shown 1n FIG. 20,
a temperature sensor 1 1s disposed on a chip 2 of the power
semiconductor device, whereas a detection circuit 3 for con-
trolling the temperature sensor 1 and processing an output
signal 1s disposed on a chip 4 of the integrated circuat.

One type ol temperature sensor 1s known from JP-A-3-
148861 (corresponding to U.S. Pat. No. 5,070,322) 1n which
a diode (heremafiter referred to as a diffusion diode) 1s formed
by means of diflusion on a surface of a silicon substrate of a
power semiconductor device, and the temperature depen-
dency of a reverse leakage current of the diode 1s utilized.

Furthermore, a type of temperature sensor that makes use

of the temperature dependency of a forward voltage of a
diffusion diode 1s also known 1n the art. See JP-A-5-1293598
(corresponding to U.S. Pat. Nos. 5,355,123 and 5,349,336)
and JP-A-8-3164771 (corresponding to U.S. Pat. No. 5,736,
769). In a temperature sensor according to these configura-
tions, since a PN junction 1s stably formed 1n a single crystal
substrate of silicon, in comparison with a diode formed from
polysilicon, the linearity of the temperature dependency of
the forward voltage 1s excellent.

However, 1n a temperature measurement device that uses
an existing diffusion diode as a temperature sensor, when a
diffusion diode 1s formed on a silicon substrate of a power
semiconductor device and a forward voltage of the diffusion
diode 1s utilized per se, sulliciently high temperature detec-
tion accuracy can be obtained only with difficulty. The reason
why 1s that current ﬂowmg to the diffusion diode fluctuates
and a PN junction of the diffusion diode 1s manufactured with
dispersion.

In addition to the above, since a temperature sensor and a
detection circuit are disposed on separate chips, there 1s no
correlation between the fluctuation of the temperature sensor
and the dispersion of the detection circuit. Accordingly, 1n a
temperature measurement device 1in which these are com-
bined, the respective dispersions are effectively added. In this

configuration, a detection voltage of the detection circuit 1s
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2

controlled 1n accordance with a forward voltage of the IGBT
to reduce the dispersion of the temperature measurement
device. However, as adjustment 1s troublesome and time con-
suming, there 1s a problem 1n that this leads to increased cost.

Furthermore, when an IGBT 1s turned off, holes (positive
carriers) piled up 1n an N-type substrate that becomes a drift
region when the IGBT 1s turned on, though drawn by an
emitter, leak into the diffusion diode. Thereby, a parasitic
thyristor operates made of an NPN transistor constituted of an
N-type region of the diffusion diode, a P-well of the diffusion
diode and an N-type substrate and a PNP transistor consti-
tuted of a P-well of the diffusion diode, the N-type substrate
and a P-type region that becomes a collector region of the
IGBT. Accordingly, there 1s a problem 1n that the diffusion
diode may be damaged. Altematwely, there 1s a problem in
that a parasitic current flows 1n the diffusion diode and
thereby the detection circuit connected to the diffusion diode
may be damaged.

Still further, 1n order to always supervise a temperature of
a power semiconductor device to optimally control the semi-
conductor device, the necessity arises of constantly output-
ting from the temperature measurement device a voltage pro-
portionate to the temperature of the power semiconductor
device. However, in between when the IGBT 15 1n an ON-state
and when 1t 1s 1n an OFF-state, a current flowing from an
anode of the diffusion diode varies. Accordingly, 1t 1s ditficult
to constantly obtain a forward voltage proportionate to the
temperature.

The reason why, when a constant current flows to the anode
of the diffusion diode, the current flowing 1n the diffusion
diode varies depending on a state of the IGBT, 1s as follows.
When the IGBT 1s turned on, a potential of a region 1n the
proximity of the diflusion diode of the N-type substrate 1s
reduced, and thereby a junction of a P-well of the diffusion
diode and the N-type substrate 1s forward biased. Accord-
ingly, a current tflowing from the anode of the diffusion diode
to a cathode thereof partially leaks and flows through the
P-well of the diffusion diode and the N-type substrate to an
emitter ol the IGBT. Conversely, when the IGBT 1s turned off,
the junction of the P-well of the diffusion diode and the
N-type substrate 1s reverse biased. Accordingly, the current
flowing 1n the diffusion diode does not leak toward the IGBT.

SUMMARY OF THE INVENTION

In order to overcome the problems of the existing technolo-
gies, 1t 15 an object of the ivention to provide a temperature
measurement device of a power semiconductor device, which
can detect the temperature of the power semiconductor device
with high precision by performing an adjustment operation
less frequently or not at all. Furthermore, 1t 1s another object
of the invention to provide a temperature measurement device
ol a power semiconductor device, which can inhibit a tem-
perature sensor and a detection circuit from being damaged.
Still further, 1t1s yet another object of the invention to provide
a temperature measurement device of a power semiconductor
device, which can constantly obtain a voltage proportionate
to the temperature of the power semiconductor device.

In order to overcome the above problems and thereby to
achieve the objects, according to a first aspect of the mven-
tion, a temperature measurement device of a power semicon-
ductor device includes a plurality of temperature detecting
diodes formed on a first chip having a power semiconductor
device, and a detection circuit formed on a second chip having
an 1tegrated circuit that controls the power semiconductor
device and which 1s connected to the temperature detecting
diodes, the detection circuit detecting a temperature of the
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power semiconductor device based on voltage difference in a
forward direction between the temperature detecting diodes
when currents different in value are flowing 1n the respective
temperature detecting diodes.

It 1s preferable that, 1n the mvention according to the first
aspect of the ivention, each of the temperature detecting
diodes 1s connected to the detection circuit at an impedance of
1 £2 or more both on an anode side and a cathode side thereof
and at an impedance higher on the cathode side than the anode
side.

It 1s preferable that, 1n the mvention according to the first
aspect of the invention, forward voltages different 1n magni-
tude, which are outputted from the respective temperature
detecting diodes, are inputted to a differential amplifier to
amplify the voltage differences between the temperature
detecting diodes with the differential amplifier.

It 1s preferable that, 1n the mvention according to the first
aspect of the invention, forward voltages different 1n magni-
tude, which are outputted from the respective temperature
detecting diodes, are inputted to the differential amplifier
through separate buller amplifiers, each having the same con-
figuration as the differential amplifier.

It 1s preferable that, 1n the mvention according to the first
aspect of the mvention, cathodes of the respective tempera-
ture detecting diodes are independently connected to the
detection circuit and anodes of the respective temperature
detecting diodes are connected to the detection circuit 1n
comimon.

It 1s preferable that, 1n the mvention according to the first
aspect of the invention, the anodes of the respective tempera-
ture detecting diodes are connected to a current limater.

It 1s preferable that, 1n the mvention according to the first

aspect of the invention, the current limiter 1s a constant cur-
rent source.

It 1s preferable that, 1n the mvention according to the first
aspect of the invention, the anodes of the respective tempera-
ture detecting diodes are connected to a constant voltage
source.

It 1s preferable that, 1n the mvention according to the first
aspect of the invention, the temperature detecting diodes are
symmetrically arranged in an in-plane layout.

It 1s preferable that, 1n the mvention according to the first
aspect ol the invention, an external periphery of each of the
temperature detecting diodes 1s surrounded by a P-type semi-
conductor region to which a potential the same as a reference
potential of the power semiconductor device 1s applied and an
anode region of each of the temperature detecting diodes 1s
100 um or more apart from an end of the power semiconduc-
tor device side of the P-type semiconductor region.

It 1s preferable that, 1n the mvention according to the first
aspect of the mnvention, an external periphery of each of the
temperature detecting diodes 1s surrounded by a P-type semi-
conductor region to which a potential the same as a reference
potential of the power semiconductor device 1s applied, an
N-type semiconductor region 1s interposed between the
P-type semiconductor region and an anode region of each of
the temperature detecting diodes, and the withstand voltage
between the anode region and the P-type semiconductor
region 1s larger than an input voltage to the anode region.

It 1s preferable that, 1n the mvention according to the first
aspect of the mnvention, an external periphery of each of the
temperature detecting diodes 1s surrounded by a P-type semi-
conductor region to which a potential the same as a reference
potential of the power semiconductor device 1s applied, and
the P-type semiconductor region and an anode region of each
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of the temperature detecting diodes are 1 um or more apart
with an N-type semiconductor region interposed therebe-
tween.

It 1s preferable that, 1n the mvention according to the first
aspect of the invention, an external periphery of each of the
temperature detecting diodes 1s surrounded with a dielectric
material.

According to a second aspect of the invention, a tempera-
ture measurement device of a power semiconductor device
includes a temperature detecting diode formed on a first chip
having a power semiconductor device and a detection circuit
formed on a second chip having an integrated circuit that
controls the power semiconductor device and connected to
the temperature detecting diode, the detection circuit detect-
ing a temperature of the power semiconductor device based
on voltage difference 1n a forward direction of the tempera-
ture detecting diode when different currents tlow 1n a time-
sharing manner to the temperature detecting diode.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the invention, the temperature detecting diode 1s
connected to the detection circuit at an impedance of 1 €2 or
more both on an anode side and on a cathode side thereof and
at an impedance higher on the cathode side than on the anode
side.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the mvention, forward voltages different in
magnitude, which are outputted in a time-sharing manner
from the temperature detecting diode, are inputted 1n a dii-
terential amplifier to amplify the voltage differences of the
temperature detecting diodes with the differential amplifier.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the invention, an output from the temperature
detecting diode 1s mputted through a buifer amplifier to the
differential amplifier.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the mvention, an anode of the temperature
detecting diode 1s connected to a current limaiter.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the invention, the current limiter 1s a constant
current source.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the mvention, an anode of the temperature
detecting diode 1s connected to a constant voltage source.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the mvention, an external periphery of the
temperature detecting diode 1s surrounded by a P-type semi-
conductor region to which a potential the same as a reference
potential of the power semiconductor device 1s applied, and
an anode of the temperature detecting diode 1s 100 um or
more apart from an end on the power semiconductor device
side of the P-type semiconductor region.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the mvention, an external periphery of the
temperature detecting diode 1s surrounded by a P-type semi-
conductor region to which a potential the same as a reference
potential of the power semiconductor device 1s applied, an
N-type semiconductor region 1s interposed between the
P-type semiconductor region and an anode region of the
temperature detecting diode, and the withstand voltage
between the anode region and the P-type semiconductor
region 1s larger than an mput voltage to the anode region.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the mvention, an external periphery of the
temperature detecting diode 1s surrounded by a P-type semi-
conductor region to which a potential the same as a reference
potential of the power semiconductor device 1s applied, and
the P-type semiconductor region and an anode region of the
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temperature detecting diode are 1 um or more apart with an
N-type semiconductor region interposed therebetween.

It 1s preferable that, 1n the mvention according to the sec-
ond aspect of the invention, an external periphery of the
temperature detecting diode 1s surrounded with a dielectric 53
material.

According to the invention, since a forward voltage differ-
ence proportionate to a temperature of a chip of a power
semiconductor device can be obtained with high precision,
even with less frequent adjustment operations or without 10
performing any adjustment operations, the temperature of a
power semiconductor device can be detected with high pre-
cision. Furthermore, since latch-up due to the operation of a
parasitic thyristor can be inhibited from occurring, the tem-
perature sensor and the detection circuit can be protected 15
from being damaged. Still furthermore, a forward voltage
difference proportionate to a temperature of the chip of the
power semiconductor device can be continuously obtained.

According to the temperature measurement device of the
power semiconductor device according to the invention, a 20
temperature of the power semiconductor device can be
obtained at high precision with less frequent or no adjustment
operations. Furthermore, the temperature sensor and the
detection circuit can be protected from being damaged. Still
turthermore, a voltage proportionate to the temperature of the 25
power semiconductor device can be continuously obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an equivalent circuit diagram showing a sche- 3¢
matic configuration of a temperature measurement device
according to embodiment 1.

FIG. 2 1s a plan layout diagram showing an IGBT chip
according to embodiment 1.

FI1G. 3 1s a sectional view showing an example of an IGBT 35
chip according to embodiment 1.

FI1G. 4 15 a plan view showing an example of a temperature
detecting diode portion of embodiment 1.

FIG. 5 1s a sectional view showing a configuration in a
cross-section A-A' of FIG. 4. 40
FI1G. 6 15 a sectional view explaining a parasitic element of

an IGBT chip.

FIG. 7 1s a plan view showing another example of a tem-
perature detecting diode portion of embodiment 1.

FIG. 8 1s a plan view showing another example of a tem- 45
perature detecting diode portion of embodiment 1.

FIG. 9 1s a sectional view showing a configuration 1n a
cross-section B-B' of FIG. 8.

FIG. 10 1s a plan view showing another example of a
temperature detecting diode portion of embodiment 1. 50
FIG. 11 1s a sectional view showing a configuration 1n a

cross-section C-C' of FIG. 10.

FI1G. 12 1s a sectional view showing another example of a
confliguration 1n a cross-section A-A' of FIG. 4.

FIG. 13 1s an equivalent circuit diagram showing a sche- 55
matic configuration of a temperature measurement device
according to embodiment 2.

FI1G. 14 1s a plan view showing an example of a temperature
detecting diode portion of embodiment 2.

FIG. 15 1s a plan view showing another example of a 4o
temperature detecting diode portion of embodiment 2.

FIG. 16 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 3.

FIG. 17 1s an equivalent circuit diagram showing a sche- 65
matic configuration of a temperature measurement device
according to embodiment 4.
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FIG. 18 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 3.

FIG. 19 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 6.

FIG. 20 1s an equivalent circuit diagram showing a sche-

matic configuration of an existing temperature measurement
device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In what follows, with reference to the accompanying draw-
ings, preferred embodiments of a temperature measurement
device of a power semiconductor device according to the
invention will be described 1n detail. In the specification and
in the accompanying drawings, 1n a layer or a region bearing
an N or P sign, electrons or positive holes are majority carri-
ers, respectively. Furthermore, a + sign attached to N or P
means that a layer or a region attached with a + sign have a
higher impurity concentration than a layer or a region without

a + sign.

Embodiment 1

FIG. 1 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to an embodiment 1 of the invention. As shown 1n
FIG. 1, a temperature sensor 11 1s disposed on a chip 12
having a power semiconductor device 17. A detection circuit
13 that controls the temperature sensor 11 and processes an
output signal thereof 1s disposed on a chip 14. The tempera-
ture sensor 11 1s constituted of a pair of diodes 15 and 16
disposed adjacent to each other. Anodes of the diodes 15 and
16 are commonly connected to a first constant current source
131 of the detection circuit 13 at an impedance of, for
instance, 1 €2 or more. The first constant current source 131
drives a current 11 toward the anodes of the diodes 15 and 16.

Furthermore, a cathode of the second diode 16 and a cath-
ode of the first diode 15, respectively, are connected to a
second constant current source 132 and a third constant cur-
rent source 133 of the detection circuit 13. Still further, the
cathode of the first diode 15 and the cathode of the second
diode 16 are connected to a temperature detector 134 of the
detection circuit 13. An impedance on a cathode side of the
first diode 15 and an impedance on a cathode side of the
second diode 16, though different from each other, are both 1
(2 or more and hlgher than an impedance on an anode side.

Accordingly, a current I3 that flows on a cathode side of the
first diode 15 and a current 12 that flows on a cathode side of
the second diode 16 are different in value, and therefore a
torward voltage V1 of the first diode 15 and a forward voltage
V2 of the second diode 16 are different. When a ratio of the
currents 12 and I3 1s set to be an integer, the ratio can be
preferably obtained with precision 1 a chip 14 of the inte-
grated circuit. The temperature detector 134 detects a tem-
perature of the chip 12 of the power semiconductor device
based on a difference (V2-V1) of the forward voltages V1
and V2 of the diodes 15 and 16 and outputs this value exter-
nally.

—

T'he reason why the impedances on the cathode sides of the
diodes 15 and 16 are higher than the impedances on the anode
sides 1s to inhibit positive holes from tlowing in the cathodes
of the diodes 15 and 16. In other words, the impedances on the
anode sides of the diodes 15 and 16 are lower than that on the
cathode sides. This 1s because toward the anodes of the diodes
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15 and 16, 1n addition to the current (I12+13) tlowing toward
the cathodes of the diodes 15 and 16, a parasitic diode 10 has
to supply a parasitic current IP to a power semiconductor
device such as an emitter of an IGBT 17 from the anode side.
That 1s, since 1t 1s necessary for 11 to be larger than (I2+13+
IP), the impedance on the anode side 1s lower.

Furthermore, the temperature detector 134 outputs an over-
heat signal when a detected temperature exceeds a predeter-
mined temperature. When a delay circuit 133 associated with
the detection circuit 13 recerves the overheat signal from the
temperature detector 134, an 1rregular output 1s performed
and a gate shutdown command 1s outputted. When gate driver
136 recerves the gate shutdown command from the delay
circuit 135, it forcibly turns oif the power semiconductor
device of the chip 12 of the power semiconductor device, for
instance, the IGBT 17. Furthermore, the gate driver 136
receives a gate ON/OFF command externally to control
ON/OFF switching of, the IGBT 17, for example.

It 1s known that an equation (1) below holds between a
current I flowing to a diode and a forward voltage V. Here,
diode saturation current 1s denoted Is and absolute junction
temperature 1s denoted T. Is proportionate to the area of the
junction. Furthermore, the Boltzmann constant 1s denoted k
and the amount of electric charge of an electron 1s denoted q.

(1)

For a pair of diodes (PN junction) adjacently formed on the
same substrate, a junction area, a current, a saturation current
and a forward voltage of a first diode, respectively, are
expressed with Sa, Ia, Isa and Va and a junction area, a current,
a saturation current and a forward voltage of a second diode,
respectively, are expressed with Sb, Ib, Isb and Vb. In the pair
of diodes, an area ratio of junction m and a current ratio K,
respectively, can be expressed with equations (2) and (3)
below. Furthermore, when a potential difference (Vb-Va) of
the pair of diodes 1s expressed with AV, the potential differ-
ence AV 1s known expressed with an equation (4) below.

I=Is{exp(qV/kT)-1}

m=S2/S1=Isb/Isa (2)

K=Ib/la (3) and

AV=(kT/q)xIn(K/m) (4)

As can be understood from equation (4), the potential
difference AV 1s proportional to an absolute temperature T
and has no relation with an absolute value of a current and a
magnitude of a junction. When diodes are arranged sym-
metrically, the precision of a ratio of junction areas can be
increased. Furthermore, when a current mirror circuit 1s used,
the precision of the current ratio can be heightened. Accord-
ingly, according to the configuration shown 1n FIG. 1, a volt-
age (potential difference AV) proportional to an absolute
temperature T can be obtained with high precision.

A device structure 1n the chip 12 of the power semiconduc-
tor device will be described next 1n a case where the power
semiconductor device 1s an IGBT as an example. FIG. 2 1s a
plan layout diagram showing an example of the chip (herein-
after referred to as IGBT chip) 12 of the power semiconductor
device. As shown 1n FIG. 2, a voltage withstanding structure
21 1s disposed along, for instance, a peripheral border of the
IGBT chip 12. Along the voltage withstanding structure 21
and 1nside thereol, a gate runner 22 1s disposed. At a center of
the IGBT chip 12, a region (hereinafter referred to as diode

region) 23 1s provided where a pair of temperature detecting
diodes 15 and 16 are formed.

Along a side of the IGBT chip 12 and inside of the gate
runner 22, agate pad 24, a first cathode pad 25, a second
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cathode pad 26 and an anode pad 27 are disposed. As men-
tioned above, since the anodes of the pair of temperature
detecting diodes 15 and 16 are connected in common to the
detection circuit 13, one anode pad 27 suflices as their anode
pad. Accordingly, in comparison with the case where two
anode pads are provided, the number of pads on the IGBT
chip 12 can be reduced. The gate pad 24 1s connected through
the gate runner 22 to a gate electrode of the IGBT. Further-
more, the gate pad 24 1s connected through a wire electrode to
an IGBT driving circuit of the chip 14 ofthe integrated circuat.

The first cathode pad 25, the second cathode pad 26 and the
anode pad 27, respectively, are connected through a first
cathode interconnection 28, a second cathode interconnec-
tion 29 and an anode mterconnection 30 to cathode electrodes
and an anode electrode of the diodes 15 and 16. Then, the first
cathode pad 23, the second cathode pad 26 and the anode pad
277, respectively, are connected through the wire electrode to
the detection circuit 13 of the chip 14 of the integrated circuat.
Between the gate runner 22 and the diode region 23 1s aregion
31 where an emitter electrode of the IGBT 1s formed and a
region where the IGBT 1s formed. A diverter region 32 will be
discussed below 1n reference to FIG. 3.

FIG. 3 1s a sectional view showing an example of a con-
figuration of an essential portion of the IGBT chip 12. Fur-
thermore, 1n FI1G. 4, a configuration of a semiconductor sur-
face of a temperature detecting diode portion of FIG. 3 1s
shown and a cross-section A-A' of FI1G. 4 1s shown 1n FIG. 5.
In FIGS. 3 and 3, a passivation film 1s omitted (also 1n FIGS.
6,9, 11 and 12). Furthermore, in FIG. 4, an interlayer insu-
lating film, an electrode and a passivation film on a chip
surface are omitted (as in FIGS. 7, 8, 10, 14 and 15).

As shown 1n FIG. 3, on a first main surface side of an
N-type silicon layer (heremnaiter referred to as N-layer) 41, a
gate portion and an emitter portion (hereinaiter referred to as
IGBT active portion) 42 of the IGBT and a temperature
detecting diode portion 43 are formed. Between the IGBT
active portion 42 and the temperature detecting diode portion
43, a diverter portion 44 1s formed. An external periphery of
the temperature detecting diode portion 43 1s surrounded with
the diverter portion 44. The diverter portion 44 1s formed in
the diverter region shown with reference numeral 32 1n FIG.
2.

In the IGBT active portion 42, mside of a first P-diffusion
region 45 formed on a surface of the N-layer 41, a first
P*-diffusion region 46 and a first N™-diffusion region 47 are
formed. An emitter electrode 48 made of Al-—S11s 1n contact
with the first P*-diffusion region 46 and the first N™-diffusion
region 47. A gate electrode 49 made of polysilicon 1s provided
through a gate oxide film 350 on a surface between the first
P*-diffusion region 46 and the N-layer 41 of the first P-dif-
fusion region 45. The emitter electrode 48 and the gate elec-
trode 49 are insulated with an insulating film 51 made of
BPSG (Boro-Phospho-Silicate Glass).

As shown 1 FIGS. 3 and 5, in the temperature detecting
diode portion 43, on a surface of the N-layer 41, a first P-well
52 1s formed that 1s an anode region, and on a surface thereof
a second P*-diffusion region 53, a second N*-diffusion region
54 and a third N™-diffusion region 55 respectively are formed
that become cathode regions. The second N*-diflusion region
54 and the third N*-diffusion region 55 are independent from
cach other.

As shown 1n FIG. 4, on a semiconductor surface of the
temperature detecting diode portion 43, a first P-well 52 1s
circularly exposed, and inside thereofthe second P*-diffusion
region 53 1s exposed. Inside of the second P*-diffusion region
53, once more a circular first P-well 52 1s exposed at two
places. Of the two first P-wells 52 exposed 1nside, at a center
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portion of one, the second N™-diffusion region 54 is exposed,
and at a center portion of the other the third N*-diffusion
region 55 is exposed. The second N*-diffusion region 54 and
the third N™-diffusion region 55 are symmetrically provided
in the temperature detecting diode portion 43.

Asshownn FIG. 5, a first cathode electrode 56 1s 1n contact
with the second N+-d1 ‘usion region 54 and 1n contact elec-
trically with the first cathode interconnection 28 shown in
FIG. 2. A second cathode electrode 57 1s 1n contact with the
third N™-diffusion region 55 and in contact electrically with
the second cathode interconnection 29 shown in FIG. 2. An
anode electrode 58 1s 1n contact with the second P*-diffusion
region 53 and 1n contact electrically with the anode 1ntercon-
nection 30 shown in FIG. 2. The first cathode electrode 56, the
second cathode electrode 57 and the anode electrode 58 are
made of an electric conductor such as Al—S1 and 1nsulated
from each other with an isulating film 59 made of S10, and
an msulating film 51 made of BPSG.

As shown 1n FIG. 3, 1n the diverter 44, a second P-well 60
1s continuously formed on a temperature detecting diode por-
tion 43 side of a surface of the N-layer 41 and a second
P-diffusion region 61 is continuously formed on an IGBT
active portion 42 side thereof. Inside of the second P-well 60
and the second P-diffusion region 61, a third P*-diffusion
region 62 1s formed. An electrode 63 made of Al—S1 15 1n
contact with the third P™-diffusion region 62.

When the IGBT active portion 42 1s in an ON-state, since a
channel of the P-diffusion region 45 1s mnverted to an N-type
and turned on, a current flows from the anode toward an
emitter from the P*-diffusion region 53 through the N-layer
41. At that time, the vicinity of the diverter portion 44
becomes a potential obtained by subtracting a forward volt-
ages of P-well 52 and the N-layer 41 from an anode potential.
At this time, when the withstand voltages of the N-layer 41
and the P-well 60 1s lower than a potential obtained by sub-
tracting the forward voltages of P-well 52 and the N-layer 41
from the anode potential, a current flows from the anode to the
diverter, as shown by the dashed line with the arrow.

Since the path of the dashed line with the arrow 1s lower 1n
resistance than a path between the anode and the emitter,
anode current tends to increase. An increase in the anode
current unfavorably increases a consumption current sup-
plied from a control IC. Furthermore, since the anode current
increases exponentially with respect to voltage, an anode
terminal may be damaged. Accordingly, the withstand volt-
age between the anode region and the P-type semiconductor
region 1s elfectively made larger than an input voltage to the
anode region.

An electrode 63 of the diverter portion 44 1s short-circuited
to an emitter electrode 48 of the IGBT active portion 42. That
1s, the second P-well 60, second P-diffusion region 61 and
third P*-diffusion region 62 of the diverter portion 44 have a
potential the same as the emaitter potential (reference poten-
tial) of the IGBT. The electrode 63 of the diverter portion 44
1s 1insulated from the gate electrode 49 by the insulating film
51 and from the cathode electrodes 56 and 57 and the anode
clectrode 58 of the temperature detecting diode portion 43 by
the insulating films 51 and 59.

On a second main surface side of the N-layer 41, sequen-
tially from the N-layer 41 side, an N™-diffusion reglon 64 that
becomes a buller layer and a P-diffusion region 65 that
becomes a collector region are formed. On a surface of the
P-diffusion region 65, a collector electrode 66 1s formed.

Now, as shown 1n FIG. 3, when a distance from an end on
the IGBT side of the second P-diffusion region 61 of the
diverter portion 44 to an end on the diverter side of the first
P-well 52 of the temperature detecting diode portion 43 1s
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taken as L, L 1s preferably 100 um or more. Furthermore,
when a distance from an end on the temperature detecting
diode side of the second P-well 60 of the diverter portion 44
to an end on the diverter side of the first P-well 52 of the
temperature detecting diode portion 43 1s taken as d, d 1s
preferably 1 um or more. Reasons for this will be described
with reference to FIG. 6.

As shown 1n FIG. 6, 1n the temperature detecting diode
portion 43, a thyristor made of a parasitic NPN-transistor 67
is present where the N™-diffusion regions 54 and 55 and the
first P-well 52 of the temperature detecting diode portion 43,
respectively, are an emitter and a base and the N-layer 41 1s a
collector, and a parasmc PNP-transistor 68 1s present where
the P-diffusion region 65 that becomes a collector region, the
N-layer 41 and the first P-well 52 of the temperature detecting
diode portion 43, respectively, are an emitter, a base and a
collector.

When the parasitic PNP-transistor 68 1s energized, the
parasitic thyristor 1s energized, and thereby latch-up causes a
large current to tlow. In order to 1nhibit the parasitic PNP-
transistor 68 from being energized, 1n the temperature detect-
ing diode portion 43, positive holes may be inhibited from
being injected from the collector electrode 66 to the N-layer
41. The positive holes are injected at a place where, when the
IGBT 1s 1n ON-state, electrons injected from the emitter
clectrode 48 reach an N™-diffusion region 64 between the
N-layer 41 and the P-diffusion region 65.

Accordingly, to an extent where in the IGBT active portion
42 electrons mjected from the emitter electrode 48 do not
reach a portion below the temperature detecting diode portion
43 of the N™-diffusion region 64, the temperature detecting
diode portion 43 may well be distanced from the IGBT active
portion 42. A region where when the IGBT 1s ON-state elec-
trons are mjected from the emitter electrode 48 1s a portion of
the N-layer 41 between the first P-diffusion region 45 of the
IGBT active portion 42 and the second P-diffusion region 61
of the diverter portion 44.

In general, electrons, while spreading at an angle of sub-
stantially 45°, move toward the collector electrode 66.
Accordingly, where L 1s the thickness of the substrate, elec-
trons do not reach a portion below the temperature detecting,
diode portion 43. Since the thickness of the substrate 1s sub-
stantially 50 um when the IGBT 1s, for instance, a 600 V
clement and substantially 100 um when the IGBT 1s, for
istance, 1200V element, when L 1s 100 um or more, latch-up
due to the operation of the parasitic thyristor can be inhibited
from occurring. L, without being restricting to 100 um or
more, may well be a distance equal to or more than a diffusion
length of the minority carriers.

Furthermore, as shown in FIG. 6, there 15 a parasitic PNP
transistor 69 where the first P-well 52 and the N-layer 41 of
the temperature detecting diode portion 43 and the second
P-well 60 of the diverter portion 44, respectively, are an
emitter, a base and a collector. When the parasitic PNP tran-
sistor 69 1s energized, an anode voltage 1s unfavorably low-
ered 1n the temperature detecting diode portion 43. When d 1s
set to 1 um or more, the parasitic PNP transistor 69 can be
inhibited from being energized. The distance d, without being
restricting to 1 um or more, may well be a distance to an extent
where a depleted layer cannot be reached under a potential
applied on a diode of the temperature detecting diode portion
43. Though not clearly shown in FIG. 6, owing to the junction
of the first P-well 52 and the N-layer 41 of the temperature
detecting diode portion 43, a parasitic diode (parasitic diode
10 1n FIG. 1) 1s constituted.

Now, the temperature detecting diode portion 43 may be
constituted as follows. A configuration may include, for
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instance, as shown in FIG. 7, four symmetrical points in the
first P-well 52, where second N™-diffusion regions 54 are
disposed at two points on a diagonal line, and third N™-diffu-
s10n regions 33 are respectively disposed at two points on an
opposing diagonal line. When arranged as shown 1n FIG. 7,
the symmetry of arrangement of the temperature detecting
diodes 1s high.

Furthermore, as shown in FIGS. 8 and 9, P-wells 70 and 71
that become an anode region may be disposed separately and
a temperature detecting diode may be provided for each. In
this case, for every anode region, anode electrodes 72 and 73
are provided. Furthermore, a diverter portion 74 made of the
second P-well 60 and the third P*-diffusion region 62 is
disposed between a diode of one P-well 70 and a diode of the
other P-well 71, 1n order to secure the symmetry of the ele-
ments. An electrode 75 of the diverter portion 74 1s also
short-circuited to the emitter electrode 48 of the IGBT active
portion 42 and similarly to an electrode 63 of the other
diverter portion 44.

Still furthermore, as shown 1 FIGS. 10 and 11, a configu-
ration where a P-well 76 1s formed on a surface of the N-layer
41 so as to contain the temperature detecting diode portion 43
and the diverter portion 44, inside of the P-well 76 N-wells 77
and 78 are disposed separately, and a temperature detecting
diode 1s provided for each thereof. Between a diode of one
N-well 77 and a diode of the other N-well 78, a diverter
portion 74 1s disposed, m order to secure the symmetrical
property of the elements. In this configuration, the P-well 76
combines a P-well of the diverter portions 44 and 74. Accord-
ing to this configuration, since a PN junction of the N-wells
77 and 78 and the P-well 76 1s inversely biased, a junction
separation structure 1s obtained. Accordingly, a parasitic
diode (parasitic diode 10 1n FIG. 1) constituted of an anode
region of the temperature detecting diode portion 43 and the
N-layer 41 1s not present.

Furthermore, a configuration may be implemented where,
as shown in F1G. 12, a dielectric region 79 1s provided extend-
ing downwardly from a surface of the N-layer 41, so as to
surround the temperature detecting diode portion 43. When
the dielectric region 79 1s formed, a trench 1s formed 1n a
surface of the N-layer 41 and the trench may be filled with at
least one dielectric. According to this configuration, the para-
sitic PNP transistor 69 (FIG. 6) constituted of the first P-well
52 of the temperature detecting diode portion 43, the N-layer
41 and the second P-well 60 of the diverter portion 44 is
energized only with difficulty.

Embodiment 2

FIG. 13 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 2 of the mvention. As shown 1n
FIG. 13, 1n embodiment 2, a temperature sensor 11 1s consti-
tuted of a single diode 15. An anode of the diode 15 1s
connected at an impedance of, for instance, 1 £2 or more, to a
constant voltage umit 181 of a detection circuit 18. That 1s, a
constant voltage 1s applied to the anode of the diode 15.
Furthermore, a cathode of the diode 15 1s connected, at an
impedance of, for instance, 1 €2 or more and higher than that
on the anode side, through a switch 180 to a first constant
current source 182 and a second constant current source 183
of the detection circuit 18.

At a time ¢, the switch 180 connects a cathode of the diode
15 and the first constant current source 182, and thereby a
current 12 flows toward a cathode of the diode 15. On the other
hand, at a time /¢ (**/” before ¢ expresses a bar that means an
inversion) obtained by mverting the clock ¢ as an mverted
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clock /¢, at the time /¢, the switch 180 connects a cathode of
the diode 15 and the second constant current source 183, and
thereby a current I3 flows toward a cathode side of the diode
15. That 1s, to the diode 15, different currents flow 1n a
time-sharing manner.

Furthermore, a cathode of the diode 15 1s connected to two
sample and hold circuits 184 and 185 of the detection circuit
18. The first sample and hold circuit 184 samples a forward
voltage V2 of the diode 15 at a time ¢, and holds the sampled
Voltage V2 at atime /¢. In comparison, the second sample and
hold circuit 185 samples a forward voltage V3 of the diode 15
at a time /¢ and holds the sampled voltage V3 at a time ¢.

The detection circuit 18 1s provided with a subtraction
circuit 186. The subtraction circuit 186 obtains a difference
(V3-V2) of the voltage V2 outputted from the first sample
and hold circuit 184 and the voltage V3 outputted from the
second sample and hold circuit 185, and based on the differ-
ence detects and outputs a temperature of the IGBT chip 12.
Furthermore, a comparator 187 associated with the detection
circuit 18 compares an output voltage of the subtraction cir-
cuit 186 and a voltage corresponding to a preset degree of
overheating to detect overheating of the IGBT chip 12.

One configuration of the IGBT chip 12 is a configuration
where in embodiment 1 the third N™-diffusion region 55 is not
disposed in the temperature detecting diode portion 43. In
FIG. 14, an example of a configuration of a semiconductor
surface of the temperature detecting diode portion 1s shown
and another example 1s shown 1n FIG. 15. In the configuration
shown 1n FIG. 14, inner first P-well 52 and second N™-diffu-
sion region 54 are circular. However, the shapes thereof, as
shown 1n FIG. 15, may be rectangular. Since other configu-
rations are equivalent to the embodiment 1, further descrip-
tion thereof will be omitted.

Embodiment 3

FIG. 16 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 3 of the mvention. As shown 1n
FIG. 16, in embodiment 3, a differential amplifier 137 and a
comparator 138 are provided in place of the temperature
detector 134 1n the detection circuit 13 of embodiment 1. In
FIG. 16, a part including the delay circuit 135 1s omitted from
the drawing. The differential amplifier 137 amplifies the dii-
ference between a forward voltage V1 and a forward voltage
V2 of the temperature detecting first diode 15 and second
diode 16 respectively, and outputs an output voltage Vo.

The differential amplifier 137 includes an operational
amplifier 139 and four resistances 141, 142, 143 and 144. A
cathode of the second diode 16 1s connected to a non-nverting
input terminal of the operational amplifier 139 through the
first resistance 141. Further, the second resistance 142 1s
connected between the non-inverting mput terminal of the
operational amplifier 139 and a line of a reference potential.

At an 1verting mput terminal of the operational amplifier
139, a cathode of the first diode 15 1s connected through the

third resistance 143. Still furthermore, the fourth resistance
144 1s connected between the inverting input terminal of the
operational amplifier 139 and an output terminal.

Similarly to embodiment 1, the currents supplied by the
first constant current source 131 to the anode sides of the
diodes 15 and 16, to the cathode side of the second diode 16
and to the cathode side of the first diode 15, and the current
supplied by the parasitic diode 10, are respectively referred to
as 11, 12, 13 and IP. Furthermore, the currents flowing in the
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first resistance 141 and the third resistance 143 are referred to
as 14 and I5 respectively. In embodiment 3, I1 1s necessarily
larger than 12+13+14+15+1P.

Still further, a condition that I5 1s very small compared to I3
(condition 1) and a condition that 14 1s very small compared to
12 (condition 2) are necessarily satisfied. When the resistance
values of the first resistance 141 and the third resistance 143
are equal to R, and the resistance values of the second resis-
tance 142 and the fourth resistance 144 are equal to R, ., the
values of R,; and R, are selected so as to satisiy conditions
1 and 2.

12 and I3 are substantially several tens to several hundreds
of uA and 14 and I5 are substantially several hundreds of nA
to several uA. Accordingly, when V1 and V2 are, for instance,
substantially 10V, a value of (R,;+R,,) of a total sum of R,
and R, 1s several tens to several hundreds of M€2. Further-
more, an output voltage Vo of the operational amplifier 139 1s
expressed by equation (5) below.

Vo=R55/Ry 1 x(V2-V1) (5)

Similarly to embodiment 2, a comparator 138 of the detec-
tion circuit 13 compares the output voltage Vo of the opera-
tional amplifier 137 that 1s an output of the detection circuit 13
and a voltage corresponding to preset overheating to detect
overheating of the IGBT chip 12. The configuration of the

IGBT chip 12, being similar to that of embodiment 1, will not
be described here.

Embodiment 4

FIG. 17 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 4 of the mvention. As shown 1n
FI1G. 17, in embodiment 4, 1n the detection circuit 13 of
embodiment 3 shown in FIG. 16, a first buffer amplifier 145 1s
disposed between a cathode of the first diode 15 and a differ-
ential amplifier 137, and a second buifer amplifier 146 having
the same configuration as that of the first buffer amplifier 145
1s disposed between a cathode of the second diode 16 and the
differential amplifier 137.

The forward voltage of the first diode 15 and the forward
voltage of the second diode 16, are respectively amplified in
current by the first butler amplifier 145 and by the second
builer amplifier 146, followed by inputting into the differen-
tial amplifier 137. According to embodiment 4, since there 1s
no restriction such as mentioned above on values R, and R,
of the four resistances 141, 142, 143 and 144 that constitute
the differential amplifier 137, the first resistance 141, second
resistance 142, third resistance 143 and fourth resistance 144
can be readily integrated on a chip 14 of the integrated circuat.

Embodiment 5

FIG. 18 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 5 of the invention. As shown 1n
FIG. 18, in embodiment 3, 1n the detection circuit 13 accord-
ing to embodiment 4 shown 1n FIG. 17, 1 place of the first
constant current source 131, a constant voltage source 147 1s
connected to the anodes of the diodes 15 and 16. That 1s, a
constant voltage VC 1s applied to the anodes of diodes 15 and
16. Similarly to embodiment 1, currents flowing to the respec-
tive cathode sides of the second diode 16 and first diode 135 are
expressed as 12 and 13, and a current flowing from the para-
sitic diode 10 1s expressed as IP.

The constant voltage source 147 has the capability of driv-
ing a current (12+13+IP) obtained as a total sum of 12, I3 and
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IP. According to embodiment 5, even when the IGBT 17 1s
turned on and thereby a parasitic diode 10 1s energized to
generate the parasitic current 1P, alternatively even when the
IGBT 17 1s turned off and the parasitic diode 10 1s not ener-
gized, that 1s, the parasitic current IP does not tlow, the anode
voltage of the diodes 15 and 16 1s maintained constant at a
voltage VC. Accordingly, irrespective of a state of the IGBT
17, stable temperature detection and temperature output can
be obtained.

Embodiment 6

FIG. 19 1s an equivalent circuit diagram showing a sche-
matic configuration of a temperature measurement device
according to embodiment 6 of the mvention. As shown 1n
FIG. 19, embodiment 6 1s another example where a constant
voltage source 1s connected to anodes of the temperature
detecting diodes 15 and 16, and a feedback control of an
operational amplifier 1s utilized as a constant voltage source.
The detection circuit 19 has an operational amplifier 191,
three resistances 192, 193 and 194 and a comparator 195.

A cathode of the first diode 15 1s connected to an inverting
input terminal of the operational amplifier 191. A cathode of
the second diode 16 1s connected To a non-inverting input
terminal of the operational amplifier 191 through the first
resistance 192. An output terminal of the operational ampli-
fier 191 1s connected to anodes of the diodes 15 and 16.
Furthermore, the second resistance 193 1s connected between
a connection node of the non-inverting input terminal of the
operational amplifier 191 and the first resistance 192 and a
line of a reference potential. The third resistance 194 1s con-
nected between a connection node of the inverting input ter-
minal of the operational amplifier 191 and a cathode of the
first diode 15 and a line of a reference potential.

Resistance values of the first resistance 192, second resis-
tance 193 and third resistance 194 are respectively expressed
as R,, R, and R;, and current values flowing through the
second resistance 193 and third resistance 194 are respec-
tively expressed as I, and I,. Furthermore, input voltages at an
inverting iput terminal and non-1nverting iput terminal of
the operational amplifier 191 are expressed as V1 and V2
respectively. Equations (6) and (7) below hold 1in an imagi-
nary short state of the operational amplifier 191. Then, when
resolving with an approximation equation (8) of the equation
(1), equations (9) through (11) below can be obtained.

LxRy=I %K (6)

V1=V2+R,xI, (7)

I=Isx{exp(qV/kT)-1 }elsxexp(qV/kT) (%)

1,=kT/gxIn(Ro/R3)/R, (9)

L=kT/gxIn(R>/R3)xR>/ (R xR3) (10) and

Vo=kT/gxIn(R~/R3)xR>/R, (11)

As obvious from equation (11), an output voltage Vo of the
detection circuit 19 becomes a value proportionate to a tem-
perature of the IGBT chip 12. Furthermore, similarly to
embodiment 2, a comparator 195 of the detection circuit 19
compares the output voltage Vo of the detection circuit 19 and
a voltage corresponding to a preset degree of overheating to
detect overheating of the IGBT chip 12. According to
embodiment 6, even when a parasitic current IP flows owing
to the parasitic diode 10 between the anodes of the diodes 15
and 16 and an emitter of the IGBT 17, owing to the opera-
tional amplifier 191, the anode voltages of the diodes 15 and
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16 are maintained at a constant voltage of VC. Accordingly,
irrespective of a state of the IGBT 17, stable temperature
detection and temperature output can be obtained. Further-
more, 1n comparison with embodiment 35, fewer operational
amplifiers are employed. Accordingly, the detection circuit
19 becomes smaller 1n size and advantageous from a view-
point of cost.

As described above, according to the respective embodi-
ments, a forward voltage diflerence proportional to a tem-
perature can be obtaimned with high precision. Accordingly,
with less frequent adjustment operations, alternatively or
without any adjustment operations, the temperature of the
IGBT chip 12 can be detected precisely. Furthermore, since
latch-up owing to the operation of the parasitic thyristor can
be inhibited from occurring, the temperature sensor 11 and
the detection circuits 13 and 18 can be protected from being,
damaged. Still furthermore, according to embodiment 1, a
forward voltage difference proportional to a temperature of
the IGBT chip 12 can be constantly obtained.

In the above description, the invention can be variously
modified without restriction to the above-described embodi-
ments. For instance, the two temperature detecting diodes 15
and 16 of embodiment 1 and the temperature detecting diode
15 of embodiment 2 can be constituted by connecting a plu-
rality of diodes 1n series. When thus configured, a forward
voltage of the temperature detecting diode, that 1s, an output
voltage of the temperature sensor 11 can be increased.

Furthermore, P-type regions of the diverter portions 44 and
74 may be formed deeper than the anode region (first P-well
52) of the temperature detecting diode portion 43. Still fur-
thermore, an SOI (Silicon On Insulator) structure where an
N-layer 41 1s disposed on an 1insulating layer may be adopted.
Furthermore, since numerical values such as dimensions
described in the embodiments are only examples, the mven-
tion 1s not restricted thereto. Still furthermore, the invention
can be similarly applied to a case where the power semicon-
ductor device 1s a power MOSFET.

As mentioned above, a temperature measurement device of
a power semiconductor device according to the invention is a
power converter that uses a power semiconductor device and
more particularly preferably a power converter where an
IGBT and a driving circuit thereof are separately configured.

What 1s claimed 1s:
1. A temperature measurement device of a power semicon-
ductor device comprising:

a plurality of temperature detecting diodes formed on a first
chip having a power semiconductor device; and

a detection circuit that 1s formed on a second chip and
controls the power semiconductor device, the detection
circuit being connected to the temperature detecting
diodes:

wherein the detection circuit detects a temperature of the
power semiconductor device based on a difference
between forward voltages of the temperature detecting
diodes when currents diflerent in current value are flow-
ing in the respective temperature detecting diodes, and

the forward voltages of the respective temperature detect-
ing diodes, which are different 1n magnitude, are each
inputted into a differential amplifier to amplity the volt-
age difference between the respective temperature
detecting diodes, through separate butfer amplifiers hav-
ing the same configuration as the differential amplifier.
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2. The temperature measurement device of the power semi-
conductor device according to claim 1, wherein each of the
temperature detecting diodes 1s connected to the detection
circuit at an impedance of 1 £2 or more both on an anode side
and a cathode side and at an impedance higher on the cathode
side than the anode side.

3. The temperature measurement device of the power semi-
conductor device according to claim 1, wherein cathodes of
the respective temperature detecting diodes are indepen-
dently connected to the detection circuit and anodes of the
respective temperature detecting diodes are connected to the
detection circuit 1n common.

4. The temperature measurement device of the power semi-
conductor device according to claim 1, wherein anodes of the
respective temperature detecting diodes are connected to a
constant voltage source.

5. The temperature measurement device of the power semi-
conductor device according to claim 1, wherein anodes of the
respective temperature detecting diodes are connected to a
current limiter.

6. The temperature measurement device of the power semi-
conductor device according to claim 5, wherein the current
limiter 1s a constant current source.

7. A temperature measurement device of a power semicon-
ductor device, comprising:

a plurality of temperature detecting diodes formed on a first

chip having a power semiconductor device; and

a detection circuit that 1s formed on a second chip and

controls the power semiconductor device, the detection
circuit being connected to the temperature detecting
diodes;

wherein the detection circuit detects a temperature of the

cower semiconductor device based on a difference
between forward voltages of the temperature detecting
diodes when currents different in current value are tlow-
ing in the respective temperature detecting diodes,

the temperature detecting diodes are symmetrically

arranged 1n an 1n-plane layout, and

an external periphery of each of the temperature detecting,

diodes 1s surrounded by a P-type semiconductor region
to which a potential substantially equal to a reference
potential of the power semiconductor device 1s applied
and an anode region of each of the temperature detecting,
diodes 1s at least 100 um apart from an end of a power
semiconductor device side of the P-type semiconductor
region.

8. The temperature measurement device of the power semi-
conductor device according to claim 7, wherein an N-type
semiconductor region 1s interposed between the P-type semi-
conductor region and an anode region of each of the tempera-
ture detecting diodes, and the withstand voltage between the
anode region and the P-type semiconductor region 1s larger
than an 1nput voltage to the anode region.

9. The temperature measurement device of the power semi-
conductor device according to claim 7, wherein the P-type
semiconductor region and an anode region of each of the
temperature detecting diodes are at least 1 um apart with an
N-type semiconductor region interposed therebetween.

10. The temperature measurement device of the power
semiconductor device according to claim 7, wherein an exter-
nal periphery of each of the temperature detecting diodes 1s
surrounded with a dielectric material.
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